Background The role of subluxation in staging of the severity of osteoarthritic changes remains unclear. The aim of this study was to evaluate the influence of subluxation of symptomatic osteoarthritic trapeziometacarpal (TMC) joint regarding severity of symptoms, disability, and results of operative treatment in TMC osteoarthritis with total joint arthroplasty. Methods We included 172 hands in 137 patients (32 males and 105 females), mean age 59 years (44-74 years), with a combination of radiological signs of TMC osteoarthritis and clinical symptoms in the study. All patients were operated in general anaesthesia where a ball and socket joint implant was used. Disability of the Arm, Shoulder and Hand (DASH) score, visual analog scale, grip strength, and abduction deficiency were recorded and subluxation was measured on computed tomography. Results The mean subluxation in males was 5.2 mm (SD 1.2) and in females 5.3 mm (SD 1.3) (p=0.95). We found a weak positive correlation between grip strength and subluxation both at the preoperative examination and at 3 and 12 months after the operation, but no other correlations with subluxation were found. Conclusions This study indicates that radial subluxation may not be an important factor in symptoms and function in patients with symptomatic TMC osteoarthritis without severe scaphotrapezio (ST) joint degeneration. In addition, preoperative subluxation seems not to be important for the result after total joint arthroplasty.
Introduction
Trapeziometacarpal (TMC) osteoarthritis of the first digit is a common condition [1, 6, 21] often leading to disability and the need of treatment in form of non-steroid anti-inflammatory drugs, splinting, steroid injection, or, in more severe cases, operation such as trapeziectomy or total joint arthroplasty [14, 23] . In the classification of the severity of TMC osteoarthritis, Eaton and Littler in 1973 [11] described a radiological classification system based on changes in joint space, osteophytes, subchondral sclerosis, and subluxation. Later, in 1987, Eaton and Glickel modified the classification system [10] and added degenerative changes in the scaphotrapezio (ST) joint. Subluxation was no longer included in stage II as in the Eaton-Littler version and only contributed to a minor part of stages III and IV. This classification system is now widely used in the radiological staging of TMC osteoarthritis. However, both the Eaton-Littler and the Eaton-Glickel classification systems have been evaluated leading to concerns regarding the reliability in daily use [3, 4, 9, 12, 16, 22] .
Generally, there is no direct correlation between radiological findings in TMC osteoarthritis and symptoms and disability of the patient [6, 10, 15, 24] , but there seems to be some correlation to hand function, especially in maximal grip strength, writing, handling, or fingering small objects [24] . The role of subluxation in the staging of the severity of osteoarthritic changes, however, still remains unclear. In a study by de Raedt et al. [7] , normal TMC joints were compared with osteoarthritic TMC joints by comparing quantitative geometrical measurements in computed tomography (CT) scans of healthy and pathological joints in various stages of osteoarthritis. They found subluxation in the dorsoradial direction and changes in the center of rotation of the symptomatic osteoarthritic TMC joints compared to normal anatomy in the asymptomatic TMC joints. The clinical relevance of these findings is so far unclear and has not been tested in clinical studies.
The aim of this study was to evaluate the influence of subluxation of the symptomatic osteoarthritic TMC joint regarding the severity of symptoms, disability, and the results of operative treatment in TMC osteoarthritis with total joint arthroplasty.
Materials and Methods

Subjects
We prospectively included 172 hands in 137 patients (32 males and 105 females) with a mean age of 59 years (44-74 years) in the period of January 2008 to April 2013 with a combination of radiological signs of TMC osteoarthritis Eaton stage II-IV [10] and clinical symptoms in the study. All patients were referred to our clinic from general practitioners or other hospitals for operative treatment after failure of conservative treatment, and in all patients, plain radiographs had confirmed the clinical diagnosis of TMC osteoarthritis.
Indications for total joint arthroplasty were confirmed osteoarthritis of the TMC joint on plain radiographs plus CT and a history of pain at activity at the TMC joint limiting activities of daily living. Contraindications and exclusion criteria were severe osteoarthritic changes in the scaphoid-trapezoid (ST) joint and/or loss of trapezium height, hyperextension contracture at the metacarpophangeal (MP) joint of the thumb, or known osteoporosis.
Further exclusion criterion from the study was re-operation of any kind in the operated hand during the 12-month observation period.
Operative Procedure
All patients were operated in general anaesthesia using a tourniquet. At the operation, a ball and socket joint implant was used in all patients and the cup was placed in the anatomical center of the trapezium to correct subluxation and restore the normal rotation center of the TMC joint. The implants used were in 62 hands an Elektra cementless stem and cup (Small Bone Innovations Inc., Les Bruyères, France), in 17 hands an Elektra cementless stem combined with a cemented DLC cup (Small Bone Innovations Inc., Les Bruyères, France), in 17 hands a Motec cementless stem and cup (Swemac AB, Linköbing, Sweden), and in 37 hands a cementless Motec stem and a cemented Motec polyethylene cup (Swemac AB, Linköbing, Sweden).
At the operation, the soft tissue tension was balanced with stripping of the capsule around the base of the metacarpal to avoid the effect of a tight capsule after replacing the center of rotation and removing the subluxation. All patients were immobilized in a plaster of Paris splint for 3 weeks after the operation and allowed to do light exercises after removal of the splint. Unlimited use was allowed after 3 months. The patients received no occupational therapy.
Measurement Parameters
As part of the preoperative evaluation, a supplementary CT scan was performed in all patients and a Disability of the Arm, Shoulder and Hand (DASH) score was recorded using a validated Danish translation [13] together with measurements of grip strength in kilograms with a Jamar hand dynamometer, thumb abduction deficiency (the distance between the tip of finger 1 and 2 in full abduction compared to the contralateral hand), and recording of pain at rest and at activity using a visual analog scale (VAS).
All measurements were performed by an independent observer (outpatient clinic nurse) and were repeated at 3 months after the operation and again after 12 months.
The measurements of the subluxation were performed by one observer based on CT scans and calculated as the mean of two measurements made on two different occasions with at least 4 weeks in between.
The subluxation was defined as the radial deviation of the long axis of the first metacarpal compared to the axis of the trapezium. The measurement (mm) was done on CT as follows: The coronal plan in which the TMC joint of the thumb was best depicted was selected. Two right angles were drawn to represent the axes of the bones, and the distance (a) between the axes was measured in level of the joint (Fig. 1 ). The reliability of the measurements of the subluxation was measured using all scans (172 hands), and we found the correlation between measurements 1 and 2 good with a correlation coefficient of 0.66.
Pearson's correlation coefficient was used to test for correlation between subluxation and the measured variables in each patient.
Student's t test was used for comparison of mean values.
Results
Nineteen hands were excluded from the clinical follow-up part of the study due to cancellation of the planned operative treatment with total joint arthroplasty by any reason (treatment with trapeziectomy instead or regression of symptoms), 15 hands were excluded due to some kind of revision surgery (luxation, fracture, implant loosening, or infection) during the 12-month study period, and 5 patients were excluded due to missing data leaving 133 hands in 114 patients in the study. There was no difference (p=0.75) concerning the subluxation in the 133 included hands with a mean of 5.3 mm (SD 1.4) compared to all scans (172 hands) with a mean of 5.3 mm (SD 1.5). Also, we found no difference in subluxation comparing the 133 hands without reoperation (mean subluxation 5.3 mm (SD 1.4)) with the 15 hands with reoperation (mean subluxation 5.1 mm (SD 1.6), p=0.79). The mean subluxation in males was 5.2 mm (SD 1.2) and in females 5.3 mm (SD 1.3) (p=0.95).
Grip strength and DAS score improved after the operation, and VAS both at rest and at activity was reduced ( Table 1) .
We found no correlation between subluxation and patient age, DASH score, pain VAS score at rest, pain VAS score with activity, or restriction in abduction preoperatively or at 3 and 12 months after total joint arthroplasty ( Table 2 ). The only positive findings were a weak positive correlation between grip strength and subluxation both at the preoperative examination and at 3 and 12 months after the operation. Including only the first operated hand in bilateral cases or only including unilateral cases did not change the results (Table 2 ).
Discussion
The most important finding in this study is that subluxation of the TMC joint only had very little influence on the preoperative symptoms and function in a group of patients with TMC osteoarthritis without fixed MP joint hyperextension contracture and severe degenerative changes in the ST joint. Also, it seems not to influence the result after total joint arthroplasty with a ball and socket joint replacement, where the cup is placed in the anatomical center of the trapezium and a soft tissue release is made to avoid uneven capsular tension due to the preoperative subluxation.
The study may be flawed by using a nonvalidated method to measure the abduction of the thumb, and comparing abduction with the opposite thumb abduction, as the opposite hand may have similar degenerative changes. However, the results were the same if looking at unilateral cases, where the opposite hand had not been treated due to lack of symptoms. Also, based on the very low correlation values, we believe that an alternative measurement method of thumb abduction would not have lead to another result.
In the study by de Raedt et al. [7] , normal TMC joints were compared with osteoarthritic TMC joints in a threedimensional model, and they found dorsoradial subluxation and changes in the center of rotation of the symptomatic osteoarthritic TMC joints. In our study, we did not use a threedimensional model for assessment of the subluxation, as this method is not available for normal daily use. Instead, we focused on radial subluxation alone, but the results of our study may have been different if using three-dimensional assessment of the subluxation instead. The lack of an indication of a positive correlation between symptoms and subluxation in the present study with very low correlation coefficients in a relatively large number of patients, however, gives a strong indication of a missing correlation between subluxation and symptoms. Fig. 1 The subluxation (a) measured as the radial deviation of the long axis of the first metacarp compared to the axis of the trapezium The symptoms from TMC osteoarthritis vary and are influenced by several other factors [2] . We excluded patients with fixed hyperextension contracture of the MP joint because fixed hyperextension contracture of the MP joint remains a challenge regardless of using total joint arthroplasty or trapeziectomy [8, 17] and often needs supplementary surgery to the MP joint [18] [19] [20] . This condition is often combined with severe subluxation of the TMC joint, and the results of our study may have been different if this patient category had been included. Also, we excluded patients with severe ST joint degeneration as these patients were not suitable for treatment with total joint arthroplasty of the TMC joint limiting the generalization of the results of our study.
Spaans et al. [22] evaluated the Eaton-Littler classification and found only a moderate interobserver reliability using radiologists and hand surgeons as observers. Kubik and Lubahn [16] evaluated the Eaton-Glickel classification using hand surgeons and orthopaedic residents and found only a moderate intraobserver and interobserver reliability in hand surgeons. Dela Rosa et al. [9] also evaluated the Eaton-Glickel classification and used only highly experienced hand surgeons but found that the overall interobserver reliability was only moderate. Hansen et al. [12] compared the reliability of the Eaton-Glickel classification using plain radiographs or using CT and found that adding CT scans improved the intraobserver reliability of the classification, but still interobserver classification reliability was a problem, especially in the evaluation of the degenerative changes in the ST joint. Choa et al. [4] used weighed Kappa analysis and improved the reliability, but still the Eaton-Littler and Eaton-Glickel classifications seem to be problematic in communicating the staging of the degenerative disease [3] , especially as they are purely radiological classifications and do not include clinical information such as deformity of the MP joint. The classification system suggested by Comtet et al. [5] is more focused on classifying the patients into possible treatments compared to the Eaton-Littler or Eaton-Glickel classification.
There seems to be a need of a more simple and reliable classification system, if the severity of the degenerative changes seen on plain radiographs or CT scans should be used in the assessment of the patient and staging of the osteoarthritic joint changes prior to the specific choice of treatment. This study indicates that radial subluxation may not be an important factor in symptoms and function in patients with TMC osteoarthritis without severe ST joint degeneration. In addition, preoperative subluxation seems not to be important for the result after total joint arthroplasty. The ideal classification system of TMC osteoarthritis should precisely stage the preoperative symptoms and predict the outcome of surgery. We suggest that future studies should aim at refining the staging systems combining clinical symptoms and radiological findings and that radial subluxation based on this study may not 
